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Discussio n n 
Thee general aim of the present study was to use clinical observations in greater depth and more 

detaill to add to the search of genes involved in childhood cancer. We therefore set out to examine 

aa large cohort of pediatric cancer patients for body surface phenotypic abnormalities and internal 

skeletall developmental abnormalities. We searched for patterns of developmental abnormalities 

thatt are associated with childhood cancer, in order to find clues for candidate genes and related 

geneticc pathways that are involved in both abnormal morphogenesis and tumorigenesis. 

Wee realize that both pathway defects and environmental factors may lead to phenotypic 

abnormalitiess and tumor predisposition. Some of these aspects are discussed in the Introduction 

andd in Chapter 7. However, as this was not the main focus of the study this will not be elaborated 

heree in more detail. 

Inn this general discussion we will explore some of the major points raised by the different parts of 

thiss thesis: 

A.. Phenotypic abnormalities: need for definitions 

B.. Phenotypic abnormalities: need for normal values in older children and adults 

C.. Family resemblance 

D.. Role of clinical morphology in pediatric oncology 

E.. Private syndromes 

F.. Skeletal anomalies 

G.. Childhood tumors: need for better classification systems 

H.. Identifying the disease genes 

A.. Phenotypic abnormalities: need for definitions 
Earlierr studies all had used different terminologies and classifications. Therefore, we started by 

proposingg a uniform terminology and classification system for all phenotypic abnormalities that 

cann be detected in a morphological examination. Terminology and classification were based on 

fourr major sources: 1. Recommendations on terminology of an international working group \ 2. An 

editoriall comment on studies of minor anomalies by Opitz 2, 3. Aase's text on clinical morphology 3, 

andd 4. The London Dysmorphology DataBase (LDDB) 4. We searched the literature for a 

comprehensivee list of definitions of all phenotypic abnormalities, approved by an international 

groupp of experts in clinical morphology, but were unable to find one. Therefore we used the 

definitionss provided by the LDDB 4, Aase's text on clinical morphology 3, and the Handbook of 

normalnormal physical measurements by Hall et al. 5. Although these sources are internationally the 

mostt commonly consulted sources for definitions, those definitions are not based on international 

agreement.. Studies in the past often have used different definitions, hindering the comparison of 

dataa from different study and control populations. To promote the use of a uniform language in 

clinicall morphological studies, we propose that a list of definitions of all phenotypic abnormalities 
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bee created, and approved on by an international working group of experts in the field of clinical 

morphology.. Definitions of measurable items should be accompanied by clear 'measurement 

instructions'' and appropriate normal values, building on the text by Hall et al. 5. Qualitative, non-

measurablee phenotypic abnormalities should get clear descriptions, accompanied by multiple 

photographss per phenotypic abnormality, to show their full range of presentation over a life-span. 

Furthermore,, for each phenotypic abnormality, the (suspected) cause and pathogenesis should be 

describedd and updated at regular intervals. This will require an enormous effort from all experts in 

thee field. However, the importance can not be overestimated, and the result will prove a major, 

essentiall element in future clinical morphological studies, and create a powerful tool for the translation 

andd interpretation of the recorded findings in individuals and groups with common or rare disorders. 

B.. Phenotypic abnormalities: need for normal values in older children and adults 
Besidess clear definitions of phenotypic abnormalities, it is also necessary to determine the incidence 

off those phenotypic abnormalities in the general population. Normal values are indispensable for: 

1.Validationn of frequency dependent classifications, i.e. minor anomalies and spectrum variants, 

inn the classification list 6, and 2. Comparison with frequencies of phenotypic abnormalities found 

inn specific patient groups in order to properly evaluate {patterns of) phenotypic abnormalities for 

'disorder-specificity'. . 

Inn chapter three, we use the childhood cancer cohort itself as an internal control, to detect specific 

associationss between (patterns of) phenotypic abnormalities and individual tumor groups. This 

mayy lead to an underestimation of associations, as it will probably dilute the strength of the tumor 

predispositionn pattern. We expect that with the availability of norma! values, patterns will become 

muchh clearer, allowing a better estimation of their biological importance. 

AA careful review of the literature has shown only four studies describing the prevalence of phenotypic 

abnormalitiess in newborn infants from the normal population 7 1 . All studies concluded that 

minorr anomalies can be utilized as indicators of altered embryonic differentiation since they are 

significantlyy more common in individuals with an obvious major defect of embryonic development. 

Thee studies were performed in newborn infants, all with a similar sample size (Marden et al.: 

n=4,412,, Méhes: n=3,176; Merlob et al.: n=3,762; Leppig et al.: n=4,305). Differences in results 

betweenn the three most detailed reported studies 7 '8J0, may be accounted for by differences in 

studyy design 10. Different lists of phenotypic abnormalities were used, with different definitions, 

andd different terminology and classification. This again underlines the need for the generation 

andd use of an internationally accepted terminology and classification system. 

Remarkably,, no studies have ever been performed in control populations consisting of older children 

orr adults. As changes of anomalies occur with growth, and the detection rate may be different at 

differentt ages 11J2, prevalence figures for morphological findings in newborn infants may not be 

correctt in other age groups. 
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Wee conclude there is a great need for a study in older children, to enable studies on (possible) 

developmentall etiologies of many different pediatric disorders. We have initiated such a study in 

2004,, with financial support from the Stichting Steun Emma Kinderziekenhuis. The control group 

willl be constituted of 1,000 Caucasian children from elementary schools in the age classes 9 and 

100 years old. They will be examined by a physician trained in clinical morphology, during their 

routinee medical and psychosocial screening performed by nurses from the community health care 

departmentt in the region of Haarlem. All children in the region will undergo this screening, while 

inn the 4th grade of elementary school. This age group allows a maximum level of growth and 

developmentt on one hand, and the lowest possible selection bias caused by active withdrawal of 

certainn children, or scattering over different school types in the older age groups. 

C.. Family resemblance 
Besidess use of unrelated controls, several studies included sibs and parents of cases: three registry 

andd interview-based studies reported an equal incidence of (often) major anomalies in sibs and 

unrelatedd controls 1315, while two others showed a slightly 16 or significantly 17 higher incidence in 

sibss (see Chapter 1, paragraph 7). In the latter study by Baptiste et al. 17, the high incidence of 

anomaliess in sibs and parents was attributed to the presence of several families with 

neurofibromatosiss in the cohort, a syndrome known for its specific pattern of phenotypic 

abnormalitiess and predisposition for CNS tumors. Méhes was the only investigator to study the 

presencee of minor anomalies, based on the actual clinical morphological examination of children 

withh cancer, their sibs and parents 1820. He consistently found a significantly higher incidence of 

minorr anomalies in cases and their sibs, compared to parents and age-matched controls. Méhes 

rightfullyy concluded that an increased prevalence of anomalies in sibs of children with acute 

lymphoblasticc leukemia (ALL) "cannot be regarded as a sign of predisposition for leukemia. One 

cann only speculate on a possible recessive association of mild errors of morphogenesis with ALL, 

onn possible maternal inheritance, or on developmental genes that may be involved in the processes 

off malignancy and disturbed morphogenesis as well" 20. We agree that sibs with a similar pattern 

off phenotypic abnormalities should not automatically be regarded as cancer-prone. However, 

whenn this pattern of phenotypic abnormalities has proven to be a strong independent factor, 

indicatingg significant tumor predisposition - in other words, when this pattern appears to represent 

aa (new) tumor predisposition syndrome - sibs with the same phenotype do have this predisposition 

syndromee and are cancer-prone indeed. This is illustrated by the study of cases with CNS tumors 

andd their families, in which the higher incidence of anomalies in relatives was caused by the 

contributionn of an already known tumor predisposition syndrome, i.e. neurofibromatosis 17. 

However,, in many syndromes the 'cancer part' of the phenotype may be of low penetrance. 

Phenotypess of affected relatives will show considerable overlap in the highly penetrant characteristics, 

butt less so in the low penetrance manifestations 21. Several disorders illustrate that, even within 
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thee same family, identical mutations may be associated with a phenotype that varies in age-at-

onsett and severity of symptoms. Examples are a wide variety of disorders, such as hereditary long-

QTT syndrome, renal-coloboma syndrome, or Charcot-Marie-Tooth disease 21. 

Nevertheless,, studying low penetrance predisposing genes is useful. According to Ponder22, the 

largestt category of inherited tumor predisposition, in terms of the contribution to cancer incidence, 

iss the one with the weakest genetic effects: tumor predisposition without evident family clustering, 

viaa low penetrance tumor predisposition genes (see Chapter 1, paragraph 3). The study of weak 

cancerr predisposition is of interest both for public health implications 23, and because it may point 

too a wider range of processes that are relevant to cancer development, and to interactions between 

thesee 22. It may give clues for modifier genes, either affecting the probability that tumorigenic 

alterationss will occur, or influencing the effects a tumorigenic pathway event will have on the 

cellularr phenotype (see Chapter 1, paragraph 2). 

Fromm population studies on the risks to develop breast cancer, we know that the risk for breast 

cancerr for close relatives of a case is increased two-fold, and is about the same for the mother, 

sisterss or daughters of a proposita 22. However, this equal penetrance in close relatives seems not 

too hold for minor anomalies: in Méhes' studies, sibs had a higher incidence of minor anomalies, 

approximatingg that of cancer cases, but their parents did not 18"20. 

Clearr indications for taking a detailed family history and clinical morphological examination in 

relativess are difficult to provide, as these are strongly individually determined. It should at least be 

performedd in case a syndrome diagnosis in the proposita is made or suspected, as such a diagnosis 

mayy have consequences for the family, both regarding tumor surveillance, occurrence of other 

physical,, cognitive, and behavioral symptoms, as regarding pattern of inheritance and in case prenatal 

counselingg is relevant. Furthermore, the study of relatives may show complementary characteristics, 

broadeningg the phenotype, and possibly leading to the recognition of the syndrome in the proposita. 

Thee family described in Chapter 6 may serve as an example in this way: the same genetic defect led 

too minimal phenotypic abnormalities in a mother, and a lethal phenotype in one of her children, 

illustratingg that the phenotype variability of a syndrome can be vast, even within families. 

Examinationn off relatives of a proposita may also lead to detection of similarly affected persons and 

recognitionn in a patient with a 'private' syndrome of a hitherto undescribed 'new' entity. 

D.. Role of clinical morphology in pediatric oncology 
Inn Chapter 2 we describe the value of standard clinical morphological evaluation of childhood 

cancerr patients. We diagnosed a known syndromic entity in 45 patients (4.2%) and we suspected 

aa syndrome in another 35 patients (3.3%). The percentage of 7.5% of patients with a proven or 

suspectedd syndrome is considerably higher compared to the prevalence of syndromes in the general 

population.. This underlines that early (epi)genetic defects or environmental factors are of major 

importancee for childhood tumorigenesis. 
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Twenty-threee of the 45 detected known syndromes were detected only during this study, indicating 

thatt standard pediatric care can be insufficient to detect clinically important syndrome diagnoses 

inn children with cancer. We propose that all children diagnosed with a malignancy be screened by 

aa clinical geneticist or a pediatrician skilled in clinical morphology for clues pointing to an underlying 

developmentall pathogenesis and cause, serving four goals: 1. To improve the care and cure of 

childhoodd cancer patients, as the detection of certain tumor predisposition syndromes will enter a 

standardizedd screening program, in order to recognize earlier subsequent malignancies, possibly 

improvingg their prognosis. Some tumors may have a different prognosis, requiring different therapy 

whenn concurring with a specific syndrome, as has been shown for gliomas in patients with 

neurofibromatosiss 24-25. 2. Better knowledge of an underlying syndrome diagnosis is important for 

thee patient and his/her family, as it leads to better understanding and acceptance of their medical 

history,, and can gain an insight into an expected prognosis, 3. Relatives at risk for the same 

syndromee diagnosis, and the possibly associated tumor risk can be traced, 4. Better knowledge of 

thee incidence of syndromes in children with cancer may lead to the recognition of constitutional 

defectss or environmental factors, previously unknown to be involved in pediatric oncogenesis. 

Studiess in children with cancer for morphological traits should not only be performed on a local 

basis.. International screening of all childhood cancer patients will finally give clear insight in the 

truee syndrome-tumor concurrence, necessitating precise description of syndromes and concurring 

tumors.. This way syndromes may acquire a valid 'tumor predisposition certificate', or loose this 

certificate.. At the same time concurrence of tumors may provide information on syndromes with 

unresolvedd cause. In the early years of clinical morphology much effort was put in the exact delineation 

off syndromes. In the last 10 to 15 years geneticists have put to greater emphasis on the study of the 

naturall history of syndromes, paying attention to all diverse aspects. As stated above, the study of 

tumorr concurrence and predisposition should be one of the important aspects studied, 

E.. Private syndromes 

Somee may question the value of so called 'private syndromes'. It should be realized that all now well-

knownn and established syndromes 26*27 once started as case reports, and were presented as new 

'syndromee like patterns' or 'private syndromes'. Only the sharing of those valuable cases led to the 

recognitionn and delineation of those syndromes as established entities. It helped clinicians and biologists 

inn the past to discern homogeneous patient groups, leading to better patient care, and enabling the 

searchh for their underlying defects. Delineation of patterns in morphological characteristics of 'private 

syndromes'' in children with cancer can be expected to work in a similar way. 

F.. Skeletal anomalies 

Gorlinn syndrome serves as an example for constitutional mutations that lead to skeletal anomalies 

andd other phenotypic abnormalities. The same mutation may result in abnormal cellular proliferation 
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predisposingg the affected individual for cancer. We studied this in our study on rib anomalies in 

childrenn with cancer, and found a significantly higher incidence of cervical rib anomalies in children 

withh acute lymphoblastic leukemia, astrocytoma and germ cell tumors. As patterning of the axial 

skeletonn in vertebrates is mainly determined by /-/ox-genes 28, and Hox gene expression is also 

knownn to play a role in normal and malignant hematopoietic processes, Hox genes are likely 

candidatess to be involved in both the formation of cervical ribs and leukemia. Disturbances in Hox 

genee expression can indeed lead to the formation of cervical ribs 29. Within the hematopoietic 

system,, Hox genes are expressed in stem cells and immature progenitor cells, but are down regulated 

inn differentiated myeloid cells 30'31. The MLL-gene, a structural and functional homologue of 

Trithorax,Trithorax, a Drosophiia homeotic regulator, controls the maintenance of expression of Hox genes 

duringg embryogenesis 32. MLL-gene translocations are involved in most of infantile leukemia 33. 

Micee with mutations of Pc-G and Trithorax-group (Trx-G) genes, involved in the maintenance of 

thee expression of Hox genes, show both vertebral anomalies (including cervical ribs) and leukemia 

orr lymphoma 34_36. Although at present there are no models describing the relationship between 

HoxHox genes and astrocytoma or germ cell tumors, relationships with neuroblastoma-, primitive 

neuroectodermall tumor-, and medulloblastoma cell lines exist37. 

Thee constant number of seven cervical vertebrae in all mammals (except for sloths and manatees) 

suggestss a strong selection against cervical ribs due to deleterious pleiotropic effects 38. Based on 

thee study by Schumacher et al. 39, Galis calculated that children with a cervical rib have a 120-fold 

chancee of early childhood cancer (11.9% vs. 0.1%), suggesting childhood cancer to represent an 

importantt factor in the natural selection against the development of cervical ribs 38. However, as 

discussedd in chapter 5, several critical remarks can be made about the study by Schumacher et al.39. 

Inn our study, with an equal number of cases, a larger number of pediatric controls, multiple 

observerss and a reconciliation process, the base line risk for childhood cancer in children with a 

cervicall rib is significantly increased, but the absolute risk is still very low. With an incidence of 

childhoodd cancer of 0.2%, and a birth rate of 200,000 in the Netherlands (with very low numbers 

off death during childhood), 8.6% of 400 (=34) childhood cancer patients will show cervical ribs, 

comparedd to 6.1 % of 199,600 (=12,175) controls. This means that 34 out of 12,209 children with 

cervicall rib anomalies will develop childhood cancer, increasing their baseline risk from 0.2% to 

0.3%.. Therefore childhood cancer seems to present only a minor selection against the development 

off cervical ribs. Other factors seem of more importance in this evolutionary constraint against 

variationn in the number of cervical vertebrae. Adults with a rudimentary first rib (an anterior homeotic 

transformationn towards eight cervical vertebrae) often have thoracic outlet syndrome, impairing 

manuall labor and therefore under natural circumstances implying a selective disadvantage38. However, 

off more importance in present Western human environment could be the increased chance of 

stillbirths.. In more than 30% of stillborn fetuses ossification centers were found in the seventh 

cervicall prevertebrae 4CM2. These ossification centers appear in the same position as those of 
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thoracicc prevertebrae's future ribs. The high prevalence of ossification centers in the seventh 

prevertebraee of stillborn fetuses, might be a pleiotropic manifestation of early aberrant HOX-gene 

expression,, other more serious manifestations of this aberrant HOX-gene expression leading to 

thee premature death of these fetuses, imposing a negative selection on the variation of the number 

off cervical ribs. 

Nextt to chest radiographs, a radiogram of the left hand and wrist is made routinely in many 

childrenn with cancer, to determine their skeletal age prior to therapy. Skeletal anomalies of the 

handd and wrist can give valuable clues for the presence of a syndrome, such as Fanconi 

pancytopenia.. Two studies have been performed, reviewing hand radiographs of 69 and 34 patients 

withh ALL, respectively 43M. Both found a higher incidence of skeletal anomalies in ALL cases 

comparedd to controls. No studies in larger groups of patients with other forms of cancer are 

knownn to us. In 2005, the departments of pediatric oncology, radiology, and pediatric clinical 

geneticss plan to review all hand radiographs performed in the same childhood cancer cohort used 

forr the study on rib anomalies. The study protocol will be followed simultaneously in a large 

controll group consisting of hand radiograms of healthy children which have become available to 

us.. Information on skeletal anomalies found in the cohort will be combined with clinical 

morphologicall findings of patients when available. It is hoped that this study will further serve our 

goall of identifying possible pathways involved. 

G.. Childhood tumors: need for better classification systems 
Inn studying phenotypic abnormalities in children with cancer the need for a uniform terminology 

andd classification system applies not only for phenotypic abnormalities but also for childhood 

tumors.. Although many international cooperative groups on the individual tumor types have 

publishedd their classification systems, significant differences still exist. A uniform system will facilitate 

thee international sharing of data for clinical and biological studies. Starting with the main tumor 

groups,, the system should have a branched structure, and for every case classification should be 

ass precise as possible; it should include all clinical, pathological and biological characteristics. 

Inn Chapter 4, we describe (patterns of) phenotypic abnormalities specific for certain tumor types. 

Studyingg patterns of anomalies within tumor groups will elucidate intra-syndrome variations of 

patternss of phenotypic abnormalities; it will distill the key phenotypic abnormalities of a tumor 

predispositionn pattern, specific for that tumor type. However, many known syndromes show a 

predispositionn to various, 'different' tumor types. Our search for patterns of phenotypic abnormalities 

specificc for single tumor types will probably prove to be too narrow and rigid. For the so called 

embryonall tumors of childhood it might be of importance to develop a classification system based 

onn the developmental stage of the embryonal progenitor cells in which the tumor has arisen. 

Besidess the currently used detailed histopathological tumor classification systems such a 

developmentall classification might provide useful grouping of different childhood tumors and 
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therebyy reveal previously unrecognized patterns of phenotypic abnormalities. Tumor biologists, 

developmentall biologists, pathologists, geneticists, and oncologists are encouraged to join in 

establishingg a developmental classification of childhood tumors. Grouping of tumors on a 

developmentall basis may help to discern, evaluate, and comprehend patterns of tumors described 

inn certain patient groups. 

H.. Identifying the disease genes 
Fourr main strategies for identifying candidate human disease genes are usually distinguished: 

1.1. Linkage analysis: Linkage analysis can be performed especially in targe kindreds, in which multiple 

relativess are affected. 2. Cytogenetic abnormalities: Cytogenetic abnormalities found in a single 

affectedd individual have often been the clue for recognition of the causative gene of a syndrome. 

3.3. Phenotype resemblance: Resemblance of a phenotype with established syndromes of which the 

responsiblee pathway defects are already known, may give clues for (related) genes involved. 

Furthermore,, resemblance with symptoms in naturally occurring or artificial knockout mice may 

pointt to pathways involved in human disease as well. 4. Functional cloning: In functional cloning, 

informationn about the cellular function of a gene product is already known. This information can 

bee used to identify the unknown disease gene. 

Thee third strategy of phenotype resemblance best fits to analyze data from the present study. 

First,, new associations between tumors and syndromes will be investigated. This will allow evaluation 

off known genetic factors responsible for the syndrome, of their possible role in tumorigenesis, an 

examplee being the PTPN11 study in neuroblastoma (see Chapter 8). Second, tumor specific patterns 

off phenotypic abnormalities may show overlap with the phenotype of already known syndromes, 

andd may point at defects in the same developmental pathway. This is illustrated by the SHH-

Patched-Glii pathway, in which two entities - Rubinstein-Taybi syndrome and Saethre-Chotzen 

syndrome,, caused by mutations of genes within this pathway {CBP and TWIST, respectively) -

showw an expressed phenotypic resemblance. Genes of candidate pathways will first be tested in 

thee germline of cases expressing the phenotype. In case a germline mutation is found, the gene 

willl be tested in sporadic tumors. Third, strong patterns of phenotypic abnormalities, not closely 

resemblingg a known syndromic entity, may be discussed in a team of (developmental) biologists, 

embryologists,, clinical morphologists and pediatric oncologists working together in so-called 

'developmentall workshops'. Fourth, bioinformatic approaches may be helpful to translate 

tumor(group)) specific patterns of phenotypic abnormalities into candidate genes. Large amounts 

off data on phenotypes of diverse species and a countless number of their mutant-phenotypes are 

availablee in public databases. However, the amount of data available is immense, and terminology 

tooo divergent to be efficiently searched in databases such as PubMed. This will hinder the integration 

off already available knowledge. At this moment no tools are readily available that allow adequate 

andd efficient searching through different databases containing data on phenotypes and their 
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molecularr backgrounds. Possibly the use of ontologies may be helpful here. An ontology is a 

formall way of representing available knowledge in which concepts are described by both their 

meaningg and their relationship to each other 45. Unique identifiers that are associated with each 

conceptt in biological ontologies can be used for linking and querying other biological and molecular 

databases.. However, phenotype information is quite complex, as can be deduced from its definition: 

'phenotype'' is the compilation of observable and measurable characteristics of an organism, which 

resultt from the interaction of the organism's genotype and the environment 45. Phenotype 

informationn is currently described as free-text in most biological databases. However, free-text 

phenotypicc descriptions are often database specific, and cannot be queried and compared easily, 

especiallyy if they lie outside the immediate research focus of the scientist45. The Jackson Laboratory 

hass developed an ontology to code phenotypes of mutant mice (Mouse Phenotype Ontology). 

Thee development of a Human Phenotype Ontology to describe clinical morphological entities will 

alloww linking and querying of human, mouse and molecular databases, such as the mouse Gene 

Expressionn Database (GXD), the Edinburgh Mouse Atlas Project (EMAP; a graphical database of 

mousee gene expression in different developmental stages), Ontoexpress (containing tools for 

exploringg microarray data), PubMed (database of the biomedical literature), OMIM (a catalog of 

humann genes and genetic disorders), and AmiGO (a web application for browsing and searching 

genee ontology and gene associations). 

Addingg a human clinical morphology ontoiogy and also a childhood tumor ontology to the already 

existingg ontologies will facilitate the integration of knowledge generated by various investigators, 

originatingg from different fields of research, each with their own expertise 45. This may lead to the 

recognitionn of new knowledge, already present in current literature. It will of course require the 

continuouss input from researchers in the different specialties. Moreover the input of specialists in the 

fieldd of bioinformattcs will be indispensable. The combined efforts may finally result in the recognition 

off genes and pathways involved in morphogenesis, phenogenesis and oncogenesis, and may give us 

toolss for diagnostic, prognostic and therapeutic strategies in syndromes and diseases. 
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Implicationss for clinical practice: 
 All childhood cancer patients deserve a clinical morphological examination, as this will improve 

caree and cure of children with cancer and their families. Furthermore it will increase our knowledge 

off the concurrence of syndromes and childhood cancer, which may lead to the recognition of 

constitutionall defects or environmental factors, previously unknown to be involved in pediatric 

oncogenesis. . 

 Detailed analysis of family history and clinical morphological examination in relatives of children 

withh cancer should at least be performed in case a syndrome diagnosis in the proband is made 

orr suspected. 

Implicationss for future research: 
 A comprehensive list of definitions of all phenotypic abnormalities should be generated, and 

approvedd by an international group of experts in clinical morphology 

 Normal values of phenotypic abnormalities in older children and adults should be generated 

 We encourage large-scale studies on the prevalence of phenotypic abnormalities, in normal 

children,, in patients who had cancer as a child, and their first-degree relatives in order to gain 

betterr insight in the value of family resemblance in general, and the value of specific familial 

patternss of phenotypic abnormalities. 

 Although there is a general tendency to undervalue case reports, we encourage the reporting 

off specific syndrome - tumor concurrences, as this may lead to better syndrome delineation, 

andd generation of new hypotheses on cause and pathogenesis of both syndromes and their 

concurringg childhood tumors. 

 Available hand radiographs in our cohort of childhood cancer patients and in a control group 

shouldd be reviewed for the presence of skeletal anomalies, as this may generate additional clues 

forr factors involved in tumorigenesis. 

 A uniform terminology and classification system for childhood tumors should be generated. 

Furthermoree grouping of tumors on a developmental basis may help to discern, evaluate, and 

comprehendd patterns of tumors described in certain patient groups. 

 We encourage the development of a human clinical morphology-ontology and a childhood 

cancer-ontology.. It will allow linking and querying of human, mouse, and molecular databases, 

facilitatingg the translation of associations of clinical morphological phenotypes and childhood 

tumorss into candidate genes or causative environmental factors. Close cooperation with specialists 

inn the field of bioinformatics is essential in this process. 
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Electronic-Databas ee Informatio n 
URLL for data presented herein is as follows: 

Mousee Phenotype Ontology, http://www.informatics.jax.org 

Genee Expression Database <GXD), http://www.informatics.jax.org 

Edinburghh Mouse Atlas Project (EMAP), http://genex.hgu.mrc.ac.uk 

OntoExpress,, http://vortex.cs.wayne.edu/projects.htm 

PubMed,, http://www.ncbi.nlm.nih.gov/entrez/query.fcgi 

OMIM,, http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM 

AmiGO,, http://www.godatabase.org/cgi-bin/go.cgi 

Reference s s 
1.. Sprange r J, Benirschke K, Hall JG et al. Errors of 11. 

morphogenesis:: concepts and terms. Recom-
mendationss of an international working group. J 
PediatrPediatr 1982; 100: 160-5. 

2.. Opit z JM. Invited editorial comment: study of 
minorr anomalies in childhood malignancy. Euro- 12. 
peanpean Journal of Pediatrics 1985; 144: 252A 

3.. Aase JM. Diagnostic Dysmorphology. seconded. 
Neww York and London: Plenum Medical Book 
Company;; 1990. 

4.. Winte r RM and Baraitser M. London 13. 
Dysmorphologyy Database. 2001. Oxford Univer-
sityy Press. 

5.. Hall JG, Froster-lskenius UG, Allanson JE. Hand-
bookk of normal physical measurements. Oxford 14. 
Universityy Press; 1989. 

6.. Merks JH, van Kamebeek CD, Caron HN et al. 
Phenotypicc abnormalities: Terminology and clas-
sification.. Am J Med Genet 2003; 123A: 211-30. 15. 

7.. Marde n PM, Smith DW, McDonald MJ. Con-
genitall anomalies in the newborn infant, includ-
ingg minor variations. Journal of Pediatrics 1964; 
64:357-71.. 16. 

8.. Méhes K. General characterization of minor 
malformations:: epidemiology in the newborn 
populations.. Minor malformations in the 17. 
neonate.. Budapest: 1983. p. 17-20. 

9.. Merlo b P, Papier CM, Klingberg MA et al. Inci-
dencee of congenital malformations in the new-
born,, particularly minor abnormalities. Prog Clin 18. 
BiolBiol Res 1985; 163C: 51-5. 

10.. Leppi g KA, Werler MM, Cann CI et al. Predictive 
valuee of minor anomalies. I. Association with ma-
jorr malformations. Journal of Pediatrics 1987; 19 
110:531-7. . 

Myrianthopoulo ss NC, Chung CS. Congenital 
malformationss in singletons: epidemiologic sur-
vey.. Report from the Collaborative Perinatal 
project.. Birth Defects Orig Artie Ser 1974; 10: 
1-58. . 
Méhess K. A follow-up study of infants with mi-
norr malformations. In: Szab'o, György, editors. 
Medicall genetics: proceedings of the symposium 
att Debrecen-Hajd'uszoboszl'o, Hu. 1977 ed. Am-
sterdam:: 1977. p. 483-6. 
Mannn JR, Dodd HE, Draper GJ et al. Congenital 
abnormalitiess in children with cancer and their rela-
tives:: results from a case-control study (IRESCC). 
BritishBritish Journal of Cancer 1993; 68:357-63. 
Merten ss AC, Wen W, Davies SM et al. Congeni-
tall abnormalities in children with acute leukemia: 
aa report from the Children's Cancer Group. J 
PediatrPediatr 1998; 133: 617-23. 
Hartle yy AL, Birch JM, Blair V et al. Malforma-
tionss in children with soft tissue sarcoma and in 
theirr parents and siblings. Paediatr Perinat 
EpidemiolEpidemiol 1994; 8: 423-32. 
Infante-Rivar dd C, Amre DK. Congenital anomalies 
inn children with acute lymphoblastic leukaemia and 
inn their family. Int J Epidemiol 2001; 30: 350-2. 
Baptist ee M, Nasca P, Metzger B et al. Neurofi-
bromatosiss and other disorders among children 
withh CNS tumors and their families. Neurology 
1989;39:487-92. . 
Méhess K, Signer E, Pluss HJ et al. Increased 
prevalencee of minor anomalies in childhood ma-
lignancy.. European Journal of Pediatrics 1985; 
144::  243-54. 
Méhess  K, Szijjarto L, Kajtar P. Family investiga-
tionss of informative morphogenetic variants in 
childhoodd lymphoblastic leukemia. 
Dysmorphologyy and genetics of cardiovascular dis-
orders.. Athens: HTA Med Publ; 1994. p. 177-83. 

189 9 

http://www.informatics.jax.org
http://www.informatics.jax.org
http://genex.hgu.mrc.ac.uk
http://vortex.cs.wayne.edu/projects.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM
http://www.godatabase.org/cgi-bin/go.cgi


Chapterr 9 

20.. Méhes K, Kajtar P, Sandor G et al. Excess of mild 
errorss of morphogenesis in childhood lymphoblas-
ticc leukemia. Am J Med Genet 1998; 75: 22-7. 

21.. Dippl e KM, McCabe ER. Phenotypes of patients 
withh "simple" Mendelian disorders are complex 
traits:: thresholds, modifiers, and systems dynam-
ics.. Am J Hum Genet 2000; 66: 1729-35. 

22.. Ponde r BA. Cancer genetics. Nature 2001; 411: 
336-41. . 

23.. Peto J Cancer incidence in defined populations. 
Coldd Spring Harbor, New York: 1980. 

24.. Listernic k R, Darling C, Greenwald M et al. Optic 
pathwayy tumors in children: the effect of neurofi-
bromatosiss type 1 on clinical manifestations and 
naturall history. J Pediatr 1995; 127: 718-22. 

25.. Listernic k R, Louis DN, Packer RJ et al. Optic 
pathwayy gliomas in children with neurofibromato-
siss 1: consensus statement from the NF1 Optic 
Pathwayy Glioma Task Force. Ann Neurol 1997; 
41::  143-9. 

26.. Jones KL Smith's recognizable patterns of hu-
mann malformation. 5ed. Philadelphia: 
W.B.Saunderss company; 1997. 

27.. Gorli n RJ, Cohen MM, Hennekam RC. Syn-
dromess of the Head and Neck. 4ed. Oxford: Ox-
fordd University Press; 2001. 

28.. Krumlau f R Hox genes in vertebrate develop-
ment.. Cell 1994; 78: 191-201. 

29.. Horan GS, Kovacs EN, Behringer RR et al. Muta-
tionss in paralogous Hox genes result in overlap-
pingg homeotic transformations of the axial skel-
eton:: evidence for unique and redundant func-
tion.. Dev Biol 1995; 169: 359-72. 

30.. Sauvagea u G, Lansdorp PM, Eaves CJ et al. Dif-
ferentiall expression of homeobox genes in func-
tionallyy distinct CD34+ subpopulations of human 
bonee marrow cells. Proc Natl Acad Sci USA 
1994;91:12223-7. . 

31.. Lawrenc e HJ, Sauvageau G, Ahmadi N et al. 
Stage-- and lineage-specific expression of the 
HOXA100 homeobox gene in normal and 
leukemicc hematopoietic cells. Exp Hematol 
1995;; 23: 1160-6. 

32.. Yu BD, Hanson RD, Hess JL et al. MLL, a mam-
maliann trithorax-group gene, functions as a tran-
scriptionall maintenance factor in morphogenesis. 
ProcProc Natl Acad Sci USA] 998; 95: 10632-6. 

33.. Pui CH, Kane JR, Crist WM. Biology and treat-
mentt of infant leukemias. Leukemia 1995; 9: 
762-9. . 

34.. Alkem a MJ, van der Lugt NM, Bobeldijk RC et 
al.. Transformation of axial skeleton due to 
overexpressionn of bmi-1 in transgenic mice. Na-
tureture 1995;374:724-7. 

35.. Yu BD, Hess JL, Horning SE et al. Altered Hox 
expressionn and segmental identity in Mil-mutant 
mice.. Nature 1995; 378: 505-8. 

36.. Akasak a T, Kanno M, Balling R et al. A role for 
mel-18,, a Polycomb group-related vertebrate 
gene,, during theanteroposterior specification of 
thee axial skeleton. Development 1996; 122: 
1513-22. . 

37.. Watt PM, Hoffmann K, Greene WK et al. Spe-
cificc alternative HOX11 transcripts are expressed 
inn paediatric neural tumours and T-cell acute lym-
phoblasticc leukaemia. Gene 2003; 323: 89-99. 

38.. Galis F. Why do almost all mammals have seven 
cervicall vertebrae? Developmental constraints, 
Hoxx genes, and cancer. J Exp Zool 1999; 285: 
19-26. . 

39.. Schumache r R, Mai A, Gutjahr P. Association of 
ribb anomalies and malignancy in childhood. Euro-
peanpean Journal of Pediatrics 1992; 151: 432A 

40.. Peters , H. Varietaten der Wirbelsaule 
menschlicherr Embryonen. (58), 440-477. 1927. 
Gegenbaurss Morph Jahrbuch. 

41.. Nobac k CR, Robertson GG. Sequences of ap-
pearancee of ossification centers in the human 
skeletonn during the first five prenatal months. 
AmJAnaf\9S];AmJAnaf\9S]; 89: 1-28. 

42.. Meyer DB. The appearence of 'cervical ribs' dur-
ingg early human fetal development. Anat Rec 
1978;; 190:481. 

43.. Geffert h K. [To which extent ar x-rays responsi-
blee for the development of malignant diseases in 
children?? II. Ossification disorders of the hand 
boness in leukemic children]. Strahlentherapie 
1969;137:442-50. . 

44.. Weisenbac h J, Szijjarto L, Méhes K. Bone 
anomaliess in leukaemic children and in their par-
entss and siblings. Acta Paediatrica Hungarica 
1994;; 34: 13-7. 

45.. Bard JB, Rhee SY. Ontologies in biology: design, 
applicationss and future challenges. Nat Rev 
GenetGenet 2004; 5: 213-22. 

190 0 


